Introduction
Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable pulmonary condition characterized by persistent airflow limitation that is not fully reversible. 1 In the United States, approximately 24 million American adults may have airflow limitations consistent with COPD, 2 with about half being undiagnosed. 3, 4 COPD has risen to the third leading cause of death in the US, accounting for approximately 138,000 deaths in 2010. 5, 6 COPD has also risen to the third cause of death worldwide from 1990 to 2010, although the change in numbers of deaths declined by 7%.
NT symptoms are often underreported, are not considered in the clinical management of COPD, and are likely to negatively impact sleep quality and impair health status. 9 Similar to effects of NT symptoms, Kessler et al 10 found that morning symptoms were also a burden to patients with COPD, with the majority reporting troublesome phlegm and cough upon waking or in the EM. Moreover, the morning has been reported as the worst time of a day by COPD patients, especially among those with severe COPD, as COPD symptoms in the morning have been shown to limit patients' ability to perform morning activities. 10, 11, 13 Patients with COPD expect their treatment to provide fast symptom relief, greater mobility, and improvement in morning activities; 13 however, such patient expectations have not been emphasized in clinical management guidelines. 14 In an effort to improve COPD management, the present study determined the type, frequency, severity, and duration of NT/EM symptoms; assessed the impact of these symptoms on sleep, morning activities, and anxiety levels; and investigated factors associated with the presence of these symptoms among commercially insured COPD patients in the US.
Methods

study design
The study consisted of a cross-sectional survey of patients with COPD. The patient sample was identified using medical and pharmacy claims from the HealthCore Integrated Research Database, a large administrative claims database with claims from 14 geographically dispersed US health plans.
Patients were included if they met the following criteria at the time the patient sample list was determined: 1) at least one medical claim with an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis code for COPD (ICD-9-CM 491.xx, 492.xx, or 496.xx) and at least one pharmacy claim for a COPD maintenance medication (ie, inhaled corticosteroids, short acting β 2 adrenergic agonist, long acting β 2 adrenergic agonist, short acting anticholinergics, methylxanthines, phosphodiesterase-4 inhibitors) between September 1, 2010 and August 31, 2011; 2) at least 40 years of age; 3) continuous health plan eligibility between September 1, 2010 and August 31, 2011; 4) commercially insured, active health plan member; and 5) satisfied all other HealthCore survey eligibility criteria (eg, no missing contact information, and not on any do-not-call lists). Patients with medical claims for other lung diseases (eg, lung cancer, cystic fibrosis, active tuberculosis, interstitial lung disease, α1-antitrypsin deficiency) or HIV were excluded.
survey recruitment
Eligible patients were invited to participate in the study via a prenotification letter, which included telephone numbers that patients could call to proactively opt into or opt out of the study. Patients who did not respond to the prenotification letter were contacted by telephone, and those patients who gave verbal consent were asked whether they had COPD symptoms on at least three nights (ie, between the time of going to bed and the time of getting up to start a day) or at least three mornings (ie, between the time of getting out of bed and approximately 11 am) during the past week. Based on their responses, patients were either assigned to one of three symptom groups (both NT and EM symptoms; NT symptoms only or EM symptoms only; or no symptoms) and completed the full survey, or excluded if their predefined group quota limit had been met. The targeted number of completed surveys was 750. Survey completers were administered a 30-minute survey with questions about COPD symptoms, clinical and demographic information, and other commonly used patientreported outcome measures. The survey recruitment began in February 2012 and ended in April 2012.
A central Institutional Review Board reviewed and approved all survey-related materials (survey protocol, prenotification letter, telephone recruiting script, and patient survey) and all patients provided verbal consent before responding to questions. Patient-level data were handled in compliance with the Health Insurance Portability and Accountability Act regulations. Any information that could uniquely identify individual patients was removed from the survey data prior to analysis and reporting.
survey measures assessment of nT and eM symptoms
Respondents with NT and/or EM symptoms were asked about the specific symptoms they experienced at night or in the EM, respectively. Respondents with symptoms were further asked about the number of nights/mornings during the past week that they had experienced these symptoms, the severity of their symptoms, and the impact of their symptoms on their sleep or EM activities. Finally, respondents were asked how long they had experienced their symptoms. 
Demographic and clinical characteristics
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nighttime and early morning symptoms of COPD age at COPD diagnosis; duration of COPD; current smoking status; height and body weight; the use of home oxygen, oral steroids, and/or sleep medications during the week prior to the survey; and the number of COPD exacerbations in the past 12 months.
Patient-reported outcome measures
The modified Medical Research Council (mMRC) dyspnea scale consists of a single question describing the degree of breathlessness associated with various physical activities, such as walking or dressing, 15 and was used as a proxy measure of COPD severity, with higher grades indicating more-severe dyspnea. 16 The COPD Assessment Test is an eight-item scale used to assess the impact of COPD on health status, 17 with higher scores indicating a greater impact of COPD on health status. The Morisky Medication Adherence Scale consists of eight items and assessed adherence in respondents currently taking COPD medications, with scores less than 6 indicating low adherence, scores of 6 to 8 indicating moderate adherence, and scores of 8 indicating high adherence. 18 
statistical analyses
Descriptive statistics were used to summarize the data, including frequencies and percentages for categorical variables and means and standard deviations for continuous variables. Demographic and clinical characteristics were analyzed using chi-square or Fisher's exact test for categorical variables, and analysis of variance for continuous variables. Multinomial logistic regression was used to identify factors associated with NT and/or EM symptoms using patients without symptoms as the reference group. A conventional alpha of 0.05 and two-tailed level of significance was used. All analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
Patient disposition
Of the 6,818 patients who were contacted, 496 were excluded because they no longer met the study inclusion criteria (Figure 1 ). Of the remaining 6,322 patients, 1,239 gave verbal consent to participate and 5,083 patients refused. The cooperation rate (the rate of participation agreement among patients who met the inclusion criteria) was 19.6%.
Patients who agreed to participate (n=1,239) were 8.2% more likely to be female (P0.01), nearly 1 year younger (P=0.01), and 13.4% more likely to belong to health plans in the Midwest and Southern regions of the US (P0.01) than those who refused to participate. 
Presence of symptoms
NT and EM symptoms were common among consenting respondents (n=1,239), with 758 (61.2%) patients reporting having both NT and EM symptoms on at least three nights and three mornings during the week prior to the survey. A total of 216 (17.4%) experienced only EM symptoms and 59 (4.8%) experienced only NT symptoms, meaning that the remaining 206 (16.6%) patients did not report experiencing NT or EM symptoms on more than three nights or three mornings during the prior week.
Demographic characteristics
Of the 1,239 consenting respondents, 752 respondents completed the survey (Figure 1 ). The mean (standard deviation) age was 60.2 (8.0) years, and the average duration of COPD was 6.5 (6.3) years ( Table 1 ). The majority of respondents were female (60.5%), white (91.6%), with at least some college education (58.1%), current or former smokers (87.1%), and overweight or obese (69.7%).
Pattern and impact of nT symptoms
Respondents who reported having NT symptoms in the week prior to the survey (n=376) reported that, on average, they had experienced these symptoms for at least 5 years, and 73.1% experienced at least three symptoms over the past week ( Table 2) . The most frequently reported symptoms were coughing (72.9%) followed by wheezing (69.2%) and shortness of breath (61.4%). Half of the respondents perceived their NT symptoms as moderate to very severe. Moreover, respondents reported that these symptoms affected their NT sleep, with 25.3% reporting difficulty falling asleep, 77.7% reporting slight to extreme sleep disturbances, and 34.4% reporting they were awakened at least once per night. Consequently, 59.1% of patients reported feeling anxious (slightly to extremely) due to their NT symptoms, and 25.3% used rescue medications on an average of 4.0 (standard deviation 2.3) nights over the past week.
Pattern and impact of eM symptoms
Similarly, respondents with EM symptoms (n=506) during the week prior to the survey also indicated that they had, on average, experienced EM symptoms for the previous 5 years, and 83% experienced at least three symptoms over the past week (Table 3) . While cough (74.5%) was also the most frequently reported symptom in the morning, shortness of breath (73.9%) and bringing up phlegm or mucus (69.6%) were the next most common. More than half of respondents considered their EM symptoms to be moderate to very severe, which is slightly more than the reported severity of NT symptoms. Like NT symptoms, the impact of EM symptoms was observed, with 60.4% of respondents reporting limiting their morning activity due to EM symptoms and 27.8% having trouble concentrating in the morning. Also, 54.3% of respondents reported feeling anxious (slightly to extremely) due to their EM symptoms. Rescue medication use was also higher among respondents in the morning, with 43.4% of those with EM symptoms having used rescue medications on an average of 5.1 (standard deviation 2.4) mornings during the prior week.
Factors associated with symptoms
Multivariate analyses showed that, compared to patients without symptoms, those with both NT and EM symptoms were more likely to be current smokers ( In contrast, only worse health status (OR=2.78; 95% CI, 1.70-4.54) was a significant factor when comparing patients with either NT or EM symptoms versus those without any symptoms ( Figure 2 ).
Discussion
Previous studies have shown that many patients with COPD experience symptoms in the morning and/or during the night, [9] [10] [11] which has highlighted the importance of investigating the occurrence of these symptoms and their association with measures of COPD burden for effective COPD management. Findings from this study indicate that symptoms during the NT and in the morning are common among COPD patients in the US. In addition, the presence of these symptoms has a substantial impact on patients' health-related quality of life and interferes with patients' lives through many factors, including worse sleep quality, limited morning activities, and anxiety.
Consistent with previous studies, [19] [20] [21] [22] the majority of the respondents included in this study were current or former smokers. Being a current smoker, a well-known risk factor for COPD, was found to be independently associated with both NT and EM symptoms, suggesting that COPD patients who 
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nighttime and early morning symptoms of COPD continue to smoke may experience worse symptoms at night and in the morning. This study further showed that, compared with respondents without NT/EM symptoms, patients with both symptoms were more likely to report home oxygen use during the day or at night. Evidence has shown that oxygen therapy can alleviate hypoxemia and reduce dyspnea symptoms for patients with COPD; 23 however, clinical trials and studies on the efficacy or effectiveness of long-term oxygen therapy are needed, especially for severe COPD patients. 24 A greater proportion of respondents with symptoms reported Patients were considered as having dyspnea symptoms if mMrC dyspnea scale responses =1-4 and were considered as being without dyspnea symptoms if mMrC scale response =0.
e Patients were categorized into four levels: 1) patients who did not take any COPD-related medications; 2) patients who took COPD-related medications and had a MMas-8 score =0-5 (low adherence); 3) patients who took COPD-related medications and had a MMas score =6-7 (moderate adherence); and 4) patients who took COPD-related medications and had a MMas score =8 (high adherence). 
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stephenson et al using sleep medications (including prescriptions, over-thecounter medications, and herbal remedies) during the week before the survey, although it was not shown to be a significant factor associated with NT/EM symptoms after adjusting for other covariates.
Existing literature has shown that sleep disturbance among patients with COPD can have a number of negative impacts. One study conducted in Europe found that 26.5% of patients reported their sleep quality was affected by frequent waking during the night and difficulty falling asleep, 10 which is similar to the 25.3% of respondents in this study who reported having difficulty falling asleep due to symptoms at NT. Our results are also consistent with the qualitative study conducted by Shackell et al 25 showing that patients with COPD experience nocturnal fear and anxiety; in addition, one-fourth of respondents reported the use of rescue medications (eg, albuterol) between their bedtime and the time when they woke up to start a day.
While sleep disturbance is worse with increased symptoms at night, sleep disturbance itself is multifaceted and can be caused by a number of factors, including suboptimal evening routines, which may disrupt normal sleeping patterns. This is important because while it may be difficult to treat all facets of sleep disruption, the reduction of COPD symptoms during the evening hours may be amenable to treatment with maintenance medications. In fact, evidence exists that some medications already available to patients with COPD may help reduce NT symptoms of COPD.
12,26
The study results are also consistent with the small body of literature around EM symptoms of COPD. In an international study conducted within five European countries, morning was reported to be the worst time of day among COPD patients; 9.5% of patients required assistance with their morning activity routines, and of these patients, 67.5% felt worried that they were a burden to others. 10 Similarly, an internet survey study found that 74% of patients with COPD reported that their morning activities took longer to complete than usual, with 21% of patients requiring help to perform their morning routine. 11 Our results confirm those findings, with more than half of respondents reporting morning activity limitation and anxiety, and nearly half of respondents having used rescue medications on more than 5 days in the week prior to the survey. Most recently, a multinational study of patients with EM symptoms reported that those with symptoms had worse quality of life, more exacerbations, and more work days off per year. 27 The results support previous findings that breathlessness is highly prevalent at night and in the EM; 10, 11, 28 however, cough was the most frequently reported EM symptom (74.5%) and NT symptom (72.9%). Partridge et al 11 found that COPD symptoms significantly impact sleep quality and morning routine, which can, in turn, negatively affect patients' health status. 11, 29 Our findings showed that experiencing either NT 
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nighttime and early morning symptoms of COPD or EM symptoms was significantly associated with poorer health status, even after controlling for sociodemographic and clinical characteristics. Furthermore, experiencing both NT and EM symptoms had a greater overall impact than having only one of the two types of symptoms. That is, the presence of both NT and EM symptoms was not only significantly associated with poorer health status but also with the occurrence of previous exacerbations, dyspnea, and poor medication adherence.
The findings from this study should be interpreted in light of certain limitations. Patients were identified from medical and pharmacy claims in a large US administrative claims database, which may contain diagnostic or treatment coding errors. Although patients in this study confirmed their COPD diagnosis by answering self-reported screening questions, they were not asked whether or not they had asthma. It is possible that patients with ICD-9-CM codes for both asthma and COPD were first evaluated and diagnosed with asthma, and later diagnosed with only COPD. As the study respondents were identified from a large US administrative claims database, only individuals and/or their dependents with employer-provided health insurance were included. It is possible that the results from this study may not generalize to other populations consisting of uninsured individuals, Medicaid or Medicare recipients, or patients in countries other than the US with different health care systems. Additionally, the results were based on respondents' self-report and could not be independently verified through clinical documentation; thus, their accuracy may be subject to self-report and recall biases. Furthermore, some differences in terms of age, sex, and health plan region were observed between respondents and nonrespondents, but the differences were relatively minimal, with more respondents being female (6%), older (1.5 years), and having health plans in the Midwest region (9%). Lastly, this study did not collect objective ventilatory function data. Future studies should endeavor to correlate this data with NT and EM symptoms to further elucidate the impact of these symptoms.
Conclusion
In summary, most COPD patients with self-reported NT and EM symptoms consider their symptoms to be moderate to severe and perceive that symptoms affect their sleep, morning activities, and anxiety levels. Improvements in disease management approaches may decrease the burden associated with these symptoms, which could have significant humanistic impacts on patients, employers, and the health care system. Further study is needed to better understand the relationship of NT and EM symptoms with health-related quality of life, risk for exacerbations, as well as the effect of interventions on relieving these symptoms.
